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Background of Invention 

[0001] The invention relates to the lighting arts. It is especially applicable to the 

packaging of light emitting diodes (LED's) to form a spot light, flashlight, or other 
lamp type, and will be described with particular reference thereto. However, the 
ffi invention will also find application in packaging of LED's, semiconductor lasers, 

halogen bulbs, and other light emitting elements for lighting and other optical 
applications. 
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[0002] Lighting systems are advantageously flexible in terms of the light output spatial 
pattern or angular distribution. Flashlights, work lights, spot lights, and other lighting 
systems preferably can emit light at different angular distributions, e.g. 
narrowthrough wide-beam. A desk lamp preferably is adjustable to light only the 
present vyork area thereby most efficiently using the light generated by the lamp. In 
the desk lamp case, the work area is often rectangular, and so the spatial pattern of 
the emitted light is preferably arranged to fill the rectangular work area at the desk 
surface. 



[0003] 



The prior art includes limited control over the angular distribution of the light 
emitted by light sources such as incandescent light bulbs, halogen lamps, and light 
emitting diode-based light sources. Flashlights which have variable beam expanding 
optics are known. However, such flashlights typically provide only a single level of 
control, e.g. narrow circular beam versus wider circular beam. Halogen bulbs typically 
come with fixed prescriptions, e.g. the MR16 halogen bulb series that provides narrow 
angle, wide angle, and medium angle flood characteristics. In order to change the 
spatial characteristics of the light output in a lamp using such a fixed-prescription 
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halogen bulb, it is usually necessary to physically replace the bulb. 

[0004] In the above-cited prior art, the adjustment is limited to isotropic, i.e. circular 

adjustment of the angular distribution of the light beam. Desk lamps are also known 
that have rectangular reflector hoods, usually used in conjunction with tubular 
fluorescent lamps, that emit light with a non-circular distribution. However, the 
spatial distribution of the light output of such lamps is usually not adjustable. 

[0005] The present invention contemplates an improved light source or lamp that 
overcomes the above-mentioned limitations and others. 

Summary of Invention 

In accordance with one embodiment of the present invention, a lamp is disclosed, 
that includes a substrate. A first lighting unit includes a first light emitting diode (LED) 
arranged on the substrate and a first lens element having a first optical prescription 
and being arranged to interact with light produced by the first LED. A second lighting 
unit includes a second light emitting diode (LED) arranged on the substrate and a 
second lens element having a second optical prescription and being arranged to 
interact with light produced by the second LED. 

In accordance with another aspect of the present invention, a control unit applies 
operating power to at least one of the first lighting unit and the second lighting unit. 

In accordance with another aspect of the present invention, a control unit has at 
least two selectable operational modes. A first selectable operational mode applies 
power to the first lighting unit. A second selectable operational mode applies power to 
the second lighting unit. Optionally, a third selectable operational mode applies power 
to both the first lighting unit and to the second lighting unit. 

In accordance with another aspect of the present invention, the light emission 
from the first LED has a first spectral distribution, and the light emission from the 
second LED has a second spectral distribution that is different from the first spectral 
distribution. 

In accordance with another aspect of the present invention, at least one of the first 
lens element and the second lens element includes a tinted region whereby the 
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spectral distribution of the light emission of the at least one lighting unit that includes 
the tinted region is altered in a pre-selected manner by the tinted region. 



[001 1] In accordance with another embodiment of the present invention, a light source 
having a selectable light output is disclosed. A plurality of optical sources are 
arranged on a substrate. Each optical source includes a light emitting diode and an 
optical element in operative communication with the light emitting diode and having a 
pre-defined optical prescription. The plurality of optical sources are selectively 
operable to produce light having selected light output characteristics. 

[001 2] In accordance with another aspect of the present invention, the selective operation 
of the plurality of optical sources includes at least one of: selectively operating one of 
the plurality of optical sources; selectively operating a sub-set of the plurality of 
optical sources; and selectively operating all of the plurality of optical sources. 

[001 3] In accordance with another aspect of the present invention, the selected light 
output characteristics include selected spatial light output patterns. 

in 

[001 4] In accordance with another aspect of the present invention, the selected light 

'•-^ output characteristics include selected angular distributions of the emitted light. 

M Optionally, the selected light output characteristics also include selected light colors. 

[001 5] In accordance with another aspect of the present invention, a control unit operates 
selected optical sources producing a spatial and angular distribution of the light 
source output. The control unit optionally also includes electrical circuitry that 
conditions the power applied to at least one of the first optical source and the second 
optical source . 

[001 6] In accordance with another aspect of the present invention, the optical element 

includes a first lens element formed according to the pre-defined optical prescription. 
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In accordance with yet another aspect of the present invention, in an LED light 
source comprising a plurality of light emitting diodes disposed on a substrate each in 
optical communication with a lens, a method of varying light patterns produced by the 
LED light source is disclosed. A first set of the plurality of light emitting diodes is 
selected. Light emitting diodes in the first set of light emitting diodes are powered. 
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Light emitted by each of the powered light emitting diodes in the first set passes 
through lenses integral with each of the powered light emitting diodes in the first set 
producing a first angular distribution of light. A second set of the plurality of light 
emitting diodes is selected. Light emitting diodes in the second set of light emitting 
diodes are powered. Light emitted by each of the powered light emitting diodes in the 
second set passes through lenses integral with each of the powered light emitting 
diodes in the second set producing a different angular distribution of light. 

[001 8] In accordance with another aspect of the present invention, the method further 
includes depowering at least selected light emitting diodes in the first set prior to 
powering the light emitting diodes in the second set. 

[001 9] In accordance with another aspect of the present invention, the method further 
includes altering a wavelength associated with the different angular distribution of 
light such that the different angular distribution of light comprises a color different 
than the first angular distribution of light. 

[0020] Numerous advantages and benefits of the present invention will become apparent 
to those of ordinary skill in the art upon reading and understanding the following 
detailed description. 

Brief Description of Drawings 

[0021] The invention may take form in various components and arrangements of 

components, and in various steps and arrangements of steps. The drawings are only 
for purposes of illustrating a preferred embodiment and are not to be construed as 
limiting the invention. 

[0022] FIGURE / shows a perspective view of a lamp or light source which suitably 
practices an embodiment of the invention. 

[0023] FIGURE 2* shows a cross-sectional view of the lamp or light source of FIGURE 7 
taken perpendicular to the substrate along the Line L-L shown in FIGURE 7 . 

[0024] FIGURE J shows an schematic representation of the electrical configuration of the 
lamp or light source of FIGURES 7 and 2 . 
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[0025] FIGURE 4 shows a perspeaive view of a lamp or light source which suitably 
practices a second embodiment of the invention. 

[0026] FIGURE 5 shows a perspective view of a lamp or light source which suitably 
practices a third embodiment of the invention. 

Detailed Description 

[0027] With reference to FIGURE / , a first embodiment of the invention is described. A 
lamp or light source 7^7 includes a substrate 72 which in the embodiment of FIGURE 7 
is circular in shape. Arranged on the substrate 72 are a plurality of optical sources or 
lighting units MA , 14B, J4C, I4D. Each of the lighting units or optical sources 
I4A, 14B, 14C, 7^Z? include one or more light emitting diode (LED) components. 

O The optical source 14A comprises eight LED components 16A . The optical source 14B 

fn comprises eight LED components 168 , The optical source 7^Ccomprises eight LED 

components 16C. The optical source 7^Z7 comprises only a single LED component 

1:0 16DAx\ the embodiment of FIGURE 7 . the lighting unit 14D that includes only a 

single LED component 16D is located at the center of the substrate 12 . The lighting 

l_ units 14C , 14B , and 7^>4are arranged in concentric circular patterns of increasing 

= g diameter, respectively, about the lighting unit 14D . 

\^ 

'"^ [0028] With continuing reference to FIGURE 7 and with further reference now to FIGURE 

D 

2 , an embodiment of the LED components 16A, 16B, 16C, 75Z? is described. FIGURE 
2 shows a cross-sectional view of the lamp or light source 70 taken perpendicular to 
the substrate 72 along the Line L-L shown in FIGURE 7 . A plurality of wells 20 are 
formed in the substrate 72 for receiving LED elements 22A , 22B , 22C , 22Z7 that 
correspond to the LED components I6A, 16B, 16C, 75Z7 , respectively. The substrate 
70 is manufactured using a thermal heat sinking material such as a copper plate. 
Mounting of the LED elements and electrical contacting thereof are steps that are well 
known to the art and need not be described herein for an enabling disclosure. 

[0029] 

It will be appreciated that the LED elements 22A . 22B , 22C , 22D need not be 
identical to one another, but can instead include LED elements emitting light at 
different colors or with different spectral distributions, different optical intensities, 
and the like. The LED elements 22>4 , 225, 22C, 22D can be manufactured from 
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different materials, e.g. LED element 22A can be a group Ill-nitride LED element 
emitting blue light, whereas LED element 22Bcan be a group Ill-phosphide LED 
element emitting red light. Furthermore, in the case of a plurality of LED elements 
comprising a lighting unit or optical source, e.g. the optical source I4A , every LED 
element of the plurality need not be identical. For simplicity, however, FIGURE 2 shows 
all the LED elements 22A , 22B , 22C, 22Das being essentially identical. 

[0030] The LED components J6A , I6B, 16C, 76Z?also include optical elements such as 
lenses 24A , 248 , 24C , 24D . In order to effectuate different angular distributions or 
spatial patterns for the light emitted by the lighting units 14A , 148 , 14C , the 
corresponding optical elements or lenses 24A , 248 , 24C , 24D each have different 
optical prescriptions. The lenses 24A , 248 , 24C, 24D can be discrete elements that 
=^ are mounted above the wells 20. Alternatively, the optical elements 24A , 248, 24C, 

'n 24D can be formed by controlled shaping or molding of an epoxy or resin encapsulant 

that is used to hermetically seal the LED elements 22A , 228, 22C , 22D . In the 
illustrated embodiment of FIGURES / and 2 , the different optical prescriptions are 
iH effectuated by different radii of the conic of the lenses or epoxy "bumps" 24A , 248 , 

L 24C , 24D . Of course, other means for effectuating a pre-selected optical prescription 

can also be employed, such as by using different materials having different refractive 
indexes for each type of optical element 24A , 248 , 24C , 24D . It will also be 



H appreciated that the optical elements 24A , 248 , 24C y 24Dcan, in addition to 

effectuating pre-selected optical prescriptions, also alter the light emitted by the 
optical sources 14A , 148, I4C, 14D \n other ways. For example, the optical elements 
or lenses 24A , 248, 24C, 24D can be selectively tinted to alter the color or spectral 
distribution of the light passing therethrough in a pre-selected manner. 

[0031] The embodiment illustrated in FIGURE 2 is exemplary only. Other configurations 
for the LED components I6A, 168, 16C, /5D and for the substrate 72arealso 
contemplated. For example, the substrate 72 can be a printed circuit board (PC board) 
with the LED elements 22A , 228, 22C , bonded directly thereto. The wells 20 
would typically be omitted in this alternate embodiment. 



[0032] 



With reference now to FIGURE 3 , the electrical configuration of the embodiment of 
FIGURES 7 and 2 is described. An associated voltage source I/provides electrical 
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power for the light source or lamp 7^7 that in the embodiment of FIGURES / and 3 
includes four optical sources or lighting units J4A, 14B, 14C, /-/Z? . The lamp 10 
further includes a control unit J^?that has four switches 32A , 32B , 32C , 32D for 
selectively applying electrical power to the corresponding lighting units I4A , 74B , 
14C , 14D , The switches 32A , 328 , 32C , 32D can be manual switches, electronically 
controlled switches, or other switch types. The control unit 5^7 optionally includes 
additional elements (not shown) such as a computer interface or components for 
conditioning the power applied to the lighting units. In the illustrated electrical 
configuration of FIGURE 3 . the four lighting units I4A , I4B, 14C , 74Dare 
independently selectable, and any combination of the lighting units I4A, 14B, 14C, 
MDcan be selectively powered at any given time. Each of the lighting units 14A , 
J4B , 14C , MDhdiS a different optical prescription, obtained in the embodiment of 
FIGURES / and 2 by using different conic radii for the lenses 24A . 24B , 24C , 24D . 
Thus, by operating only a selected one of the four lighting units 14A , 14B , 14C , 14D 
four different angular distributions or spatial patterns of emitted light can be 
selectively obtained. By operating a selected sub-set of the plurality of optical sources 
14A , 14B , 14C , 14D , complex combinations of the spatial light distributions of the 
individual optical sources 14A , 14B , 14C , J4D can be obtained. In a limiting 



^ operational case, all four optical sources I4A, MB, 14C, /^Z? can be operated 
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[0033] 




simultaneously using the electrical configuration shown in FIGURE 3 . 

The electrical ctmfiguration of FIGURE 3 is exemplary only, and a range of 
variations thereof are contemplated. As noted previously, the LED elements 22A , 
22B, 22C, 22D can be of mfferent types, e.g. GaN LED elements, InGaAlP LED 
elements, and so forth. In casesswhere the LED elements comprising the lighting units 
differ, the control unit Ji7optionallVuncludes voltage dividers (not shown) or other 
power conditioning components that control the power applied to each optical source 
14A , 14B , 14C , 14D , Furthermore, as nhted previously a given optical source, e.g. 
optical source 14A , can include LED element^f different types. In this case, the 
optical source 744 would itself include one or nwe electrical components (not shown) 
such as voltage dividers that condition the voltage applied to each LED element within 
the optical source 14A . In yet another variant, the control unit 5(7 includes a rheostat, 
variable voltage divider, or other electrical component (not. shown) that enables 
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variabTe"p5weA^plication to the lamp 10 as a whole or to one or more of the 
JX^^ (J^ individual lighting units-J4A^4B , 14C, /^£7that are included in the lamp 10 , Such 
an arrangement advantageouslyefmt^s the user to control the optical intensity as 
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well as the spatial distribution of the light 



[0034] With reference now to FIGURE 4 , a second embodiment -^i? of the invention is 
described. A circular substrate 42 has four lighting units arranged thereon. Each 
lighting unit includes a plurality of essentially identical LED components. The LED 
components of each lighting unit differ from the LED components of the other three 
lighting units. Hence, there are four LED component types 46A , 46B , 46C , 46D 
arranged on the substrate 42 , corresponding to the four lighting units. Unlike the 
embodiment of FIGURE / , the embodiment of FIGURE 4 has an equal number of LED 
^'•'•^ components of each type, and the distribution of the LED component types 46A , 

m 46B, 46C, 46D across the substrate 42 \s essentially uniform. Although the spatial 

distribution of the LED component types is uniform, the lamp 4^ nonetheless is 
capable of producing light having at least four selectable spatial or angular 
m distributions because each of the four LED component types 46A , 468 , 46C , 46D 

has a different optical prescription, as indicated by the different conic radii of the four 
□ LED component types 46A , 468 , 46C , 46D , Thus, the corresponding four lighting 

3 units each produce light having a different spatial or angular light distribution. 



IP 

ru 



\^ [0035] With reference now to FIGURE 5, a third embodiment 5i?of the invention is 

described. A rectangular substrate 52 has two lighting units corresponding to LED 
components of types 56A and 568 , respectively. The LED component types 56A , 568 
have optical elements with essentially similar conic radii. However, different optical 
prescriptions are obtained by using materials having different refractive indexes for 
the optical elements of each component type 56A , 568 . Hence, the enibodiment of 
FIGURE 5 has a first angular or spatial light distribution obtained when the first optical 
source comprising the LED components of type 56A are activated; and a second 
angular or spatial light distribution obtained when the second optical source 
comprising the LED components of type 55^are activated. Optionally, a third angular 
or spatial light distribution can be obtained by activating both the first and the second 
optical sources together, the third angular or spatial distribution operatively 
combining the first and the second light output distributions. 
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[0036] The invention has been described with reference to the preferred embodiments. 
Obviously, modifications and alterations will occur to others upon reading and 
understanding the preceding detailed description. It is intended that the invention be 
construed as including all such modifications and alterations insofar as they come 
within the scope of the appended claims or the equivalents thereof. 
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